Antenna designs were achieved for wideband operation by the use of a coplanar patch-slot antenna, fed by a coplanar waveguide. This design is easily tuned to operate at 2.45 and 5.75 GHz, with wide bandwidth for wireless systems. The operating frequency is controlled by modifying the patch dimensions. The return loss, input impedance, radiation pattern, directivity, gain, and efficiency of the proposed designs are computed and presented. A parametric study of the antenna is also introduced.
Introduction
n present-day personal-communication devices, the need for I antennas of small size and high efficiency has generated much attention to the study of compact microstrip antennas. These antennas exhibit low-profile and lightweight properties, as well as low cross-polarization radiation in some designs. However, microstrip antennas inherently have narrow bandwidths and, in general, are half-wavelength structures, operating at the TM,, or TM,, fundamental resonant mode [ 11. In this study, coplanar-patch antennas (CPAs) have been designed with improved bandwidth and size reduction for communication systems.
Researchers have made efforts to overcome the problem of narrow bandwidth in coplanar-patch antennas, and various configurations have been presented to extend the bandwidth (BW). Adding a short on the upper slot of the coplanar-patch antenna and varying its length achieved 30% to 40% bandwidth [2] at higher frequencies, for radar applications. Moreover, other researchers investigated the design of a dual-frequency slot antenna, fed by coplanar waveguide (CPW), as reported in [3] . In this paper, a simple design of a coplanar-patch antenna is introduced that achieves high efficiency and reasonable bandwidth, and can easily be tuned to work at different frequency bands. The secondresonance frequencies for these antennas are also presented, to show their ability to work at two frequencies.
Antenna Analysis and Results
The geometry of the coplanar-patch antenna and its parameters are shown in Figure 1 . The antenna consists of a rectangular patch, surrounded by a non-uniform-width slot. As shown in Figure 1, W represents the patch width, L is the patch length, and SI, S2, and S3 are the widths of the upper slot, the left-right slot, and the lower slot, respectively. S4 and S5 are the gap width and feed- The first parameter under study was Lcpw. For the designs in Table 1 , Lcpw was set at 3.5 mm. By increasing Lcpw, it was found that the resonance frequency decreases, but returns back at certain lengths for all designs presented. It is known that the input impedance for a coplanar waveguide structure is given by Tables 2 and 1 , it decreases the bandwidth and the radiation efficiency ( 7 ) . Table 3 shows the center frequency (f,), the 
X-Z
I 80 
2.22 89.13 Table 5 . The second-resonance frequency ( f c 2 ) and bandwidth (BW), D, and r at these frequencies.
9 v 7 -30 bandwidth, the directivity (D), and 7 for all of the coplanar-patch antenna designs.
By observing the influence of various parameters on the antenna performance, it was found that the dominant factors in coplanar-patch antenna design for WLAN applications are the patch width in terms of Ag and the total length of the slot (Ltotul).
Ltotal is the total centerline length of the slot, defined as
By studying the given designs, it was clear that F ' was about 0.5Ag, and that the total length was about 1 X g . At the same time, the patch length in all designs was about O.lAg, as shown in Table 4 . In general, Ltotal controls the resonant frequency, while the patch dimensions and slot widths control the level of the return loss and bandwidth.
Further study revealed that the resonant frequency decreases when increasing h, E,,, W, L, S1, S 2 , and S 4 , and by decreasing S3 and S5. Increasing S1 decreases the return loss, especially at the center of the band, such that S1 may have variable width with a maximum at the center. Increasing h causes to increase and Table 5 shows the second-resonance frequencies ( f c 2 ) , and the bandwidth, D, and 77 at these frequencies. The secondresonance frequency is about 2 f, . The efficiency is less than that at f, by about 20%, and the antennas are more directive at fc2 than at f, .
In [3] , an antenna with a rectangular slot and a rectangular slot loop-fed with a coplanar waveguide were designed to work at three-dimensional radiation pattern of two frequencies. Table 6 gives a comparison between this antenna 3. Jin-Sen Chen, "Dual-Frequency Slot Antennas fed by and the third and fourth designs. It can be seen that the antenna of Capacitively Coplanar Waveguide," Microwave and Optical Tech- [3] has lower bandwidth and higher gain at f, , and higher band- The coplanar-patch antennas with the dimensions in Table 1 were designed to operate at f, = 5.75 GHz and 2.45 GHz. The return loss of Design 1 is shown in Figure 3 , while Figure 4 shows the corresponding input impedance as real and imaginary parts. Figure 5 shows the radiation patterns at f, = 5.75 GHz in the xz, yz, and xy planes, along with the corresponding three-dimensional pattern of the total field. The return loss of Design 2 is shown in Figure 6 , while Figure 7 shows the corresponding input impedance as real and imaginary parts. Figure 8 shows the radiation patterns at f, = 5.75 GHz in the xz and yz planes, and the three-dimensional pattern. There is no radiation in the xy plane. The return loss of Design 3 is shown in Figure 9 , while Figure 10 shows the corresponding input impedance as real and imaginary parts. Figure 11 shows the radiation patterns at f, = 2.45 GHz in the xz, yz, and xy planes, in addition to the three-dimensional pattern. The return loss of Design 4 is shown in Figure 12 , while Figure 13 shows the corresponding input impedance as real and imaginary parts. Figure 14 shows the radiation patterns at f, = 2.45 GHz in the xz and yz planes, and the three-dimensional pattern. There is no radiation in the xy plane. Table 6 shows the stability of each design over the entire band by showing its properties at four different frequencies. It is clear that all designs have similar properties in the entire band. They achieve good 7 , with bandwidth ranges from 15.5% to 22.2%, and low directivity, which is required in wireless local-area communication applications. The designs with superstrate material, simulating a practical implementation, decrease the antenna size, and slightly reduce the bandwidth and 7 . These designs have symmetric radiation patterns in the xz and yz planes, and zero fields in the xy plane.
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Conclusion
Four designs of coplanar-patch antennas were presented, for operation at 2.45 GHz and 5.75 GHz. These antennas show high efficiency, low directivity, reasonable bandwidth, and almost constant radiation properties over the entire operating band. The effects of the geometrical and electrical parameters have been studied and reported, to aid the design of these types of antennas. The antennas can work at a frequency equal to twice the intended frequency of operation, but with lower bandwidth and efficiency.
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